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TMSOATWNAL REGULATORY ELEMENTS 

, Efficiency of . rr-crib, **" » ^ MS0Ciart ° n ^ T 

iranslauonal efficiency ui « r d 

, „r tV.p present invention may also i» 

re^,ory — ^ Xp—e^c.s,.^^ 
combmauonwiihotherregulaioryelements^uchasp 

Ilf, ,o modify ,he .eve.s of expression of a g ene of inreres: 
BACKGROUND OF THE INVENTION 

RNAsnbiH-y For example, some 5' non-.ransla,ed regions (> leaders) » 

recombinant protein many fold. 

Some of these 5' leaders affea gene expression by quanmanve enhancernen, of 
^Z,e eta. .99 Plan, J. 6, 513-523), or by repression of uanscnpuon, as for ,»e 5 

^^^^^^ 

m siabiUlyde.etmmams,suchastheDMeiem 

g e„es of soybean (Newman « a.., .993,Plan, Ce« 5, *>l 714). 

smiciurebbu alpha-beta leader of the 

- «~ ^ ~~ r t r ot « ™- - - s ' 

n ootato virus X (Tomashevskaya et al, 1993, J. Cen. viroj 



10 



15 



shock g^^eb^shown^con.atoasequence^enha.ces 

n on-«anslated leader ,n ammals and plants (Mc any ^ 

• , cqa t 5 362 865). Some other plant 5' non-translatea 
911; Austin, 1994 LS 5,ooz,5o->,. specific 

stress condiuons (Pmo et al, 1992, Plant Physiol hanccrsar6 also known 

nL . , , , 655.695) Other rranslauonal enhancers are also hi 
Dawe 1996, Plant Physiol. 112. ^" 

„ „ Helliwell and Gray 1995, Plant Mol. Bio. vol 29, pp. 621-626, 

' 25 ' 9 U ^ese —al regular events are directed to 

sequences used as epoint5 for mmnnum translation in studies 

translation efficiency and are used as reterenc p 140- Bates etal 1996, 

m,Ti a «al 1993 Plant Science 94: U9-149, Bates etai. i^u, 
of translation enhancers (Datla et al, iws, rwu 

Plant. I. 10:613-623). 

elements, or a combination thereof. 

!, i, an object of -he invention » overcome disadvantage* of the pnor an. 



# 



, . _ _, et kv the combinations 
The above object is met oy 



sub-claims 



disclose further advantageous 



of features of the main claims, the 
embodiments of the invention. 
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SUMMA^ OF THE INVENTION 
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relational regulatory elements °< * ? ^..a**-.- ftagments 

, h «o f , t on,o^melev e .sof.xpres Sl onof. 8 =. 

• ,w is provided an isolated nucleic acid 
wording .o -he preen, invent* 'fl'o^^en, derivative 

comprising the nucleotide sequence ^ ^ ^ derivative o, anaiog thereof e»h»s 

or ^ ^ ^ - fc 

nanslational regulatory acuviry. as just defined, in operative association with 

comprise a regulatory element selected ^ ^ 

promoter, deveiopmentally related promoter, nssue sp 
promoter, and enhancer element. 

• ^relates to a method of increasing dre amount of protein 
mis invennon also «U, ^ ^ ^ , COOSImcl as 

produced in an -«^'and ootairung the protein therefrom, 
defined above, growing the organism, 

■ ,-„„rela.estoanisolate<in-»^ acidc0mf ' nSi " 8 
mnhermorcthepresentuiventionrelatest , 0 . 5 , 6 ,,,s.9,a„d 

30 one isolated nucleic add as just defined, in P ^ ^ ^ ^ 

within a host organum. Preferably, 



Per -.rzr>r> i-»«cc 
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- :>- 

onsisting of an inducible promoter, 
de velopm m .anyre g u 1 ^pro m o KI ,nssu eS pec*P 



enhancer element. 



activity of a transcript comprising, transforming 



above, and growing the host. 



Thissummaryofthemvention sub . CO mbination of the 

• that the invention may also reside m a sub 
of the invention but that tnc 



15 described features. 



• 6- 



BRIEF DESCRIPTION OF THE DRAWINGS 
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„ f the invention will become more apparent from the 

*- - Trrrri, „ * «-* 

following description in which reference* 

■ .^berweenseveralnrembersoftheMNTtaily 

of highly repennve sequences. Figu (^ )^ ^ ^ ^ 

sequ ence alignments between the drfferen ^ 
^showsdeierionandrnsenion— ^ 

^crsarepresenredrelauvero ^ CO ^ ^ ^ 

Micares the transcriprional star, site. Wanr D. ^355,,^ 

^.^Cin^"--^ js tadicaKdby « open 

terminal peptide, and "'"^^^^^tWO* 
v ^deletionconstructremovingtheWAl-S"""" 1 ^ 

! ZsT1275-N-GUS.no, The*,-«*agmen,fror„T.275- 
B osis>dentrfiedasT1275 N 35S+N -Gus-nos. 
GUS-nos was also introduced tnto 35S-GbS P 
^ , (O shows ,h. acma, sequence aliments of Ftgure (AV 

„ GUS specific acuvity. mRNA, and protein levels in leaves of 

«0,erT1275-Gi-S ^.K^AmeasuredbyRNaseprotecnon 
2(B) shows,helevelof K curnu,,,edGUSr^A ^ 

nos (right-hand side)- Figure 2 (C) Gtjs-nos plants. Leaf extracts were 

obtained from Tl275-OUi n» antibodies. The 

tqua l, yl oadedon,o g e,sa„dGUSwasde,ec,edusrn g an,.-GUSan„b 



25 



30 



.< ua **.~^'* ******** ****** 

***** W£ ' 8h, ^ ai GUS product in E co,i (Ec>. 
uniransfotmed control (SRI) and ou=> p 

, «vja as well as <he ratio between GUS specific 
FIGURE 3 shows the levels of m^A 

-^^t^reL-^entCsee^rer). r. g ur. 

3(A) showsthe,eve,ofaccurnu,a,ed ^ 

nf autoradioerams in leaves irom 
a!say m d den— ^ 12 X GUS . nos ,Tl 2 75-N- ( 30S-nos. F , 8 ... 3 
S eleciedplantscont».ningntheiTU/= , hvM ja5e protection 

^wsthel^of— - QUS f:;; c TI ^he^een 

„os, 353-GUS.nos, or 35S*N-OUS-nos consm.es. 

m275.GUS.nosandT1275(AN)-QUS-nos.Fi E »re4(A) 
n GTJRE4showsthemapsofT1275 u Fie<lre 4(B) shows 

TU7S(AN>GUS.nos (also referred to as tOJ ^ 

, ,«, as -dN"or"dena.N")wascreatedbychang.n8d.eW e Is.te 
r e,ened,oas dK ■* l0(M)1B . 
lea de, sequence of T1275 I . of SEQ ro 

10(B » to — the upstream ATG a, :~ ^ ^ MET 

S03. A Kozak consensus sequence c was cons 
codon and a s,e was added. The transanal start stte. 
, 5 T1275, is indicated by The arrow. 

A j fnr transient expression in yeast, com and 
itt^itrf 5 shows maps of the constructs used for transit P 
FIGURE 5 showsm p ^ ^ ^ expressi0n: pYES 

wh ,e spruce. Ft g ure (A) ^ +N) . QUS . n0S Cals0 referred to as 

GUS-nos(alsoreferredtoa SP YEGUS),pYES ) ^ 

pYESC^-GUS-nostalsoreferredtoaspYEdN GUS), 
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_s sequence. F i8 .re S(B) shows ~s - J * ^ 

Mn-OUS-**, 35S (4N)-GUS-nos and 3SS(-r.)-GUS P 
LdLg *e ~N" region, AOH> intron, - *• — * 
rational « si-e. NO, *« 3 5 S, a N).GUS.no S » «*n- 
MWWMMOSh- Also *ow„ are the associated acuvmes of * 
construes m the callus expressed as a ratio of GUS to luciferase (control 
activity. Figure S(C, shows ,he ratio of reporter S ene activity (GUS to control 
. (LUC) in white spruce cells transformed with full iength ,CUP (.CUP, -CUP- 
GUS-nos) ,CUP ,ac K ingO,eN*M^Iregio„C:CUP-lcade, ; ,CU ? .(-N).G U S- 
nos), 35S (35S; 355-GUS-nos), and 35S with me NM-S.al fragment 
(35S+leader; 35S+N-GUS-nos) 

nCUU 6 shows severa. fra^en.s, anaiogs and derives of dNm (also referred .0 
a s i N»)and 1 heirassociateda=nvmes 1 na y eas I expre S sionsystem.F, S ure6(A) 

s h owsa'gr a p M crepresen I an.nof5f»gmen,sof< i Nrn.L 1 -L5(Lin 1: er 1 ,oLin Jt er 

5 respeectively). Figure^showsthenudeoridesecnencesofll-I-SCUnke, 

,„ Liricer 5). Figure 6(C) shows the activiry of construes comprntng Che 
,i rf cersofH g u,e6(B„v i «nayeas I ex P ,essionsys t em.pYEG U S,pYE S 2wKh 

GUSandnoaddeduansladona.re S u,a,orye 1 er„e M ;pY E NGUS,pYES2w,*.h« 
Mfe.-W fragmen, dO of , CUP and GUS; pYEUGUS to pYEUGUS 
P YES2 with each of Linkerl .0 Linker 5 and GUS, respectively. Figure 6(D) 
shows ,he nucleotide sequences of L2 (linked), L2C (nucleotides M6 of SEQ 
JDNO-6) andUR(nucleo,ideslO-24ofSEQIDNC,6). Figure 6(E) shows the 

activity of construes comprising either the inducible promoter P„, or the 
consti,uuvep>o,no,erP.^,inoperativea S sociationw„h- > rM2,UCandL2R 

wrthtn a yeas, expression system. pYEGUS. pYENGUS, as defined above; 
pYEUGUS, PYES2 with L2 and GUS; pYEUCGUS, P YES2 with L2C and 
GUS- pYEL2RGUS, pYES2 w,,h L2R and GUS. pADHGUS: pYES2 
compristng me P.,, promoter and GUS; pADHUGUS, pADHUCGUS and 
pADHURGUS, each consisting of pADHGUS along with U, UC and L2R 
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„ respect - * — - G cl-^ S 

^ the nuc.eotide of u, - severai ana*gs ^ ^ 

■ • „Aff«mitriole,basechanges(inbold)ofU. "B un: k 
compns,ngdifferen,<r.p,e, ^ w ^ 

activity of constructs comprising N ^ pYEUGUS . 

within a yeas, egression system. pYEGUS pYE> G . ^ 
„YEL2CGUS, pYEURGUS, • defined above; pYESCANlOUS 
P * ., „ fcriNl to SCAN7, respectively, and 

pYESCAWGUS. pYES2 wtih each of SCAM SCATS P 
GUS Figure 6(H) shows the <M - construes compnsmg the yeas, 
P oiomoter in the absence (pADHGUS) and presence 
constitutive P^bi promoter, in « m j„v», 
tpADHUGUS) of U, within a yeas, expression system. Figure 6 (I) shows . 
^ presentation and nucieonde sconce of the fragments denved from 
Z Zl have been tested in yeas, Figure . (» shows the activtty », m. 

■ « m ofheconsmic,scomprisinsdeletio„softhemo.ifsAAA 
vcastexpressionsystemoftheconstru P pYEU OUS, 
and ACC wuhin 12, as shown in Figure 6 (I). pYEGU p 
PVESCAN3GUS and pYESCAN7GUS, as defined above; pYEUMGU 
VES2 widt UDi and GUS; pYEUP2GUS, P YES2 with UD2 and GUS. 
F jnrc Fitmre 6 (K) shows the acuvity 

DYEL2D3GUS, P YES2 wilh L2D3 and GUS. Figure W 

defined above; pYEBlL2GUS, pYti/ lhi „ ave , st 
pYE S2 with B7-U and GUS. Figure 6 00 shows the acuity within a yeas 
Lpression system of the consrruc, composing a dupheated version o ^as 
shown in Figure 6 (f). pYEGUS, pYEUGUS, as defined above; pYE2UGUS 
p YES2w,,h2xUandGUS.Fi e ure6(>0shows,hegraphicr ! p— nand 

Lieotide seouence of constructs using the ADHi promoter and tested in the 
yeas, system (see Figure 6 (H». Figure . (N) shows the graphic represent, on 
Ld nuclide science of constats where the position of L2 « «- » 
^ontothepredictedstartof transcription. m science between the star, o 
^senpnon and L2 is shown. Figure 6 (O) shows the activity w„h,n a yeas, 
eX p ieS sL system of ,he constructs where U is iocated a, va^mg posmon 
Jlive to the predicted uansenption star,, as shown in Frgure « (N). GUS, K 
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vsniS dYENGUS, pYEdffGUS, andpYEL2G€S. 
' ^.u.UandUarepYEGUS.pYE P , bases in fton , 

5 tnC^ ^es^o^OUS^A^pVEGUS 

to linker 2. Figure o in a Northern 

^■mX***"*™*"*"'™ ^L-« of the 

b , 0 , „** - «** . -7 Ksoe 

"TM._ -MoTthem was probed with a GUS cUNA pro^ 
GAL , promo,*. The * J as me one in Figure 

? ?hows the mean value of three experiment 

calculated in relation to this value. 

15 FIGURE 7 show, the relative ec t ivny of several within a variety of plan. 

TIL F*» shows a OT hic representation and nudeotide seance 

constructs wtthin a tobacco transient assay using leaf d* ofurufon, 
20 several consrru « •„ , h . leaf disks are expressed as pmoles 

size Toe activity of rhe constructs ,n .he leaf d«sar 

M« GUS pro„n. U. U. U « and U ^ 
„ e.emen, **- with U ( ,CUP2-U-GUS-nos), U CO* 
noo L3 (tCUmS-GUS-nos), L4 (,CUP2-U-GUS-nos), or L5 (,CUP2 U 
25 os respect fCUPT (-0 teferred to as ,CUf2) cornpns* 

alfe „a transient -ay using a eel, suspenston culture. The «wy 

TUP utoLScompriseenhancedtCUPZ.egula^elemen-hnkedwtdt 



• r rTlP2-GUS-nos;tCUP2-Ncoro P risestCin»2 

of the expression of tCUP leaaer ^ 

• , r,n<* aene expression system in wow f 
dement in a Transient GUS gene exp tCUP2 -Ll.tCUP2-L2, 

lC UP2-L3, tCUP2-L4 and tCUP2 U co P GUS . nos) , L3 

, • v. 1 1 ^rTTP2-Ll-GUS-nos), L2 (tLUiv u- « 
element linked with LI (tCUP2 Li ^ , r ciTP2-L5-GUS-nos) 

^ t a /,r-TTP2-L4-GUS-nos), or L5 (tCUrz u 
(t CUP2-U-GUS-nos), L4 (tCUP2 G ^ 

• , T nrP2 falso refered to as EntCUP2 ot muuv. 
respectively; tCTjP2 (also rmnnrises t CU?2 with the N 

t CUP2-GUS-nos;tCUP2-NCalsoreferre d toas^)compnses t C 

fragment removed (tCUP2(-N)> 
8(A) shows the constructs used for the stud.es p 

corresponds to sample size). L2 and la 

_ . , rlK n5S-L4-GUS-nos), respectively, ueiw v 
U-OUS-nos), o,L4 and OUS (35S U ^ ^ 

c ~a m as 35SdN") compnses 35S linKea wuu 
referred to as 35SdN ? (35S . GU S-nos). Figure 8(C) shows the 

■ -5cc linked directly to GUS (i^-uuo uu j 

an :" y0,SeV t IU of ,he ««n~ i„,He taftf*. are jessed - 



WW""**"*™"™ Zc^ * tne constructs * * 
assay »stag a cell suspension cult*.. MperpW , )5SL2 »d 

bomoaidedcelllayerisexpressedasthen 

-GUS-nos), or L4 and 

GUS (35S-IAGUS-nos). r " P ^^ dtec ' yraQ us (3SS-QUS-nos). 
Fig „re8<F)sho«ther=la.tv«»ctmty ^ ^ 

number of blue foe, per plate (n C alh were submitted to an 

ovm i g „- his^ca, s,ainin S o, U and 

GU S ( 3 5 S-U.GUS-nos,,re S pecnve, y ,3 5 Sde„» ^ ^ 

- no* » — s ^ ^ ^ ^ 

P5MUW). F. £ »re8(G)sh «" ' ^ Activiw is 

elements in a transient expression systen, ,» ^ 

. . , T 0 mS-L2-GUS-nos), ot IA ^ ^ 
linked with U (35b which |S 

*• tft m comprises 35S limcea win. 

::::r:r:--o. eon^ „ - - 

.enninalpeplide; 35Scomprises35S-GUS.no, 

shows a graphic represents w as 

f in association with the promoter EntCUP3 (also 
derivatives of dN" m associau conStr ucts within a 

o ,TV> .hows the relative activity of several constru 
tC UP3). Figure 9 (B) shows th ^ ^ rf ^ 

toD acco transient assay using leaf disks 
— mthel^ 

L2 , Scan 3 and Scan7 comprise enhanced ^ can3 . GUS -nos), 
UandGUSCt^-U-GUS-nosXSca^andGIJSCtCUPaS 
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(C ) shows GUS acuv.ty of several c conespoods to the 

of u and GUS ( ,CUP2-2XU-GUS-nos), resp c„ve, >* 

(tCUP 3-U-GUS-nos). or twice *e Fis „ (c9(D)sh0 . s 
Q US.nos),«sp K ^ ^ iotoM ^ KSay „ sing 

* KtoVe I m activity of *. «— «• * * " " 

leafdisksoftm-fcrmstze. c „h,cUP2 is also referred to as 

EnhtCUP2-L2 and E*CUP X ^ ^ ^ ^ 

element linked withL2 and GUS {tCUP2 L ^ 
otL 2 and GUS ( ,CumXU-GUS-nos,, u mi QUS 

2 XU compnses enhanced ,CUP3 rectory - 
(tCUP 3.U-GUS.nos,, or t^e *. se,»ence of U - GU 
OUS-nos), respectively; BnhtCUP2 cotnpnses ^ 

■ niPl GUS-nos EnhiCUP2(-N) compnses tCUP2 wttn 
com p n ses ,CUP3-GU,n coropns es ,CUP3 wi* 

r^ent removed ( ™ , (E) shws ,»e evasion 

of ,he express^ ^ ta an alf a,face„ suspension 

elemew in a transient GUS gene exp daste number 

rf blue foe, per plate. ~ ~ (lCUP ,. u . QUS -nos), or twice the 

r e S „la,o I yele m en,«edw„hUandGUS(tCUP-L d 

seq neneeofL2 andGUS(,C W 2,xU.GUS-nos,,resp,^ ^ 

CO^^^^'tCr* and an 

OUS ^3-U-GUS.nos), or ^ ^ ^ 

(,CU?3-2xU-GUS-nos), respectively, CUrV 



* 



evato »o» of *e exp re s S ,an of CUP ^ ^ ^ 

^■orye^.nun.-.en.GUSgene P 

callu s. AC.vi.yis.xpressedas.henumbeTofb.uefoc P P 

2 j£L2.GUS-nos),Te S pecav e ly, lCUP3 U w3 . u . CUS .»o S ), « 

"" 0fU C S r» L - ■CUP***- — ; 

and TCUP3 comprises iCUP2 UUb n 

■ T rrrp2 with the N fragment removed and GUS tcur v 

N)-GUS); ICUP3-N compnses tCUP3 witn 



(tCUP3(-N)-GUS). 



f HN™ and their associated activities in the bacterium 

Escherichia coll. Figure im. j m(MPr ^5S Fieure 10 

^KofdN™ in association with the promoter 355. l-.gur 

sequenceoffragmentsofdN 

(B) -ws the relate „ ^ „ gen , 

sy ,em E Co, pEPLUX compnses 3* 1 ^ Msape ^ 

n^SL'>LUXandp35SL4LUXcompnses3>Shnkedw 1 m 

p35SULUXan p ^ ^ used as a 

upstream of the luaferase (LUX) Aiu. 

negative controi as it does not carry the luciferase gene. 

pr o ra o,e, ,e2 P m « ^U^T; paZop-IE-CAT-SW 
in ahead-to head-to-toe order and CAT , pMop 



■" 15 "i ifl» shows the activity of the constructs 
^themsectcellculturcsystemisexpresse 
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DESCRIPTION OF PREFERRED EMBODIMENT 

, ,„„ ., cme nis capable of mediating ihe 
^ ^ — ,e,a,e S » ^ J**a — The 

combination with other regulatory ^ 
hereof, to modify the lev* of expression of a gene of merest 

• KofaBreferredembodimembywayofexampleonly 
Thefoilowingdescnpuonisofapreferre cfln/forcanyingine invention 

into effect. 

• ■ directed to translation*! regulatory elements, including 
The present invention is directed to ma 

but not limited to, those defined by: 

. SEQ ID NO: 2 (Ndel-Smal fragment of iCUP), 

15 . S EQ ID NO:3 (AN with Kozak sequence); 

SEQ ID NO:4 (AN without Kozak sequence); 

. SEQIDNO:6(L2); 
. SEQIDNO:7(L3); 
2Q . S EQlDNO:8(L4y, 

. SEQIDNO:9(L5); 
^ m * S s or fragments * no, *** « 

. SEQ ID NO: 1 5 (SC AND; 
. S EQIDN0:16(SCAN2); 
25 . S EQIDN0:17(SCAN3) 

. SEQ1DN0:18(SCAN4); 
. SEQ ID NO: 19 (SCANS); 
. SEQIDNO:20(SCAN6); 
. SEQIDNO:21 (SCAN7).; 
. nucleotides l-16ofSEQ ID NO:6(L2C); 
. nucleotides 10-24 of SEQ ID NO:6(L2R); 
. SEQE>NO:22(2xL2); 
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. SEQ ID NO:23 (B1-L2); 

. sEQE>NO:24(B7-L2);or 

. SEQlPNO's:25.27(UDl.L2D2andL2D3) 

Seve ral of,hese,^ 1 a«o M l^.a» I yel--swe I eob,ai„ed ft o m a«of 

NO , :1 0.oH,. -^^^-7^^^ . 
(for tobacco consdmuve promoter; 1-igure l CB) and SEtj 
PCT,CA97/00064, rCT,CA99,0O57. and US 5,824,872 which are utcorporated by 
=3,. However, i, is .o be understood tha, ana,ogs, fragments, « a— of 

m NO'S 5 ,o 9:, or transanal reguhtory elements that hybndt* to the abov bsted 

r o SEO ID NO'S 2-4, 6-9, 15. 16, 18-19). preferably 
nucleotide sequences (e.g. SEQ ID r,u 

also included within the scope of the present invention. 

By ..egulatory element" or Regulatory region", it is mean, a portion of nucleic 
.cidtypicalW.butnotalways.npst.amof.gene.andmaybecompnsedofeitherDNA 

or RNA, or bod, DNA and RNA. Regular elements may be capable ofmedtanng 
organ spectn.ty, or controUing devdopmenta, or temporal gene action andtndude 
plote, elements, core promote, element elements tha, are indue.ble m response to 

or increase promo,,, activity such as negative regulatory Cements or nanscnpnona, 

enhancers, respectively. 

■Regular element" also refers to a sequence ofDNA, usually, bo, no, always. 
, upstream (5. -o -be codmg sequence of a sn^tura, gene, which 

poiymer.se and/or other factors required for rranscriptiontostanatapamcuiarsne. An 
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examp.e of . reguUtory *«- - P-*« f °< *» * ^ 

or otL transcriptional factors ,o - «anon - a P^ula, « - ^ 
dement. A Promoter e.ement comprises 3 core promoter element, responstble to *e 
of as »e,l as other rectory — (M H- above, , a, 
modify gene expression. I ,is,obeu„den,ood,ha,nuc 1 eo,,de S eauen C es, 1 oca, e dw 1 ,h.n 
imrons, or y of the coding re g ,o„ sconce may also contribute to ,he region of 
session of a coding region of interest. A ,eg«la,ory element may also inc.ude those 
dements located downstream (3') to the site of transcription initiation, ot wtthm 
transcribed regions, or both. 

"Regulatory elements" as used herein, also includes elements that are active 
followingtranscripnoninitianon or transcription, for example, regulatory elements that 
modulate gene expression such as translational and transcriptional enhancers, 
national and transcriptional repressors, and mRNA stability or instability 
determinants. These latter regulatory elements are defined as "translational regulatory 
elements". Without ashing to be bound by theory, translational regulatory elements 
m ay effect the amount of protein produced within an expression system or host, by 
mediating the rate of the initurion of translation, either positively (e.g. a transanal 
enhancer) or negatively (e.g. arranslation repressor), via one ormore mechamsms. The 
effect of a transanal regulatory element canbe observed in several ways, including 
altered protein production with a host. Translational regulatory elements may be either 
DNA, or following transcription, RNA, for example the leader sequence of mRNA. 

The translational regulatory elements, or fragments thereof, of the present 
inventionmaybeoperanvelyassociatedwithotherregulatoryelementsasdefinedabove, 

inordertomodulatetheamountofproteinproducedwuhinahost.Suchmodulationmay 
include enhancing or repressing transitional activity of the heterologous regulatory 
element, modulating post-rranscnptional events, or both enhancing or repressing 
uanscriptional activity of the heterologous regulatory element and modulatmg post- 
uanscripnonal events. For example, one or more translational regulatory elements, or 
fragments thereof, of the present invention may be operatively associated with 
constitutive, inducible, tissue specific promoters or fragment thereof, to modulate the 
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fungi, plant, tree, insect, or animal. 

Th.re.esener.ny-wo^ofp^.inducib.e^consd.anvcp.o.no.ar, 

^ ^ ^ u a ***** *- « °« ra wiKc, ; y 

lian scrip,ion of on. or more DNA sconces or genes in response to an ,nduee, ,h 
prcein facor, ft. binds speciflcally ,o « ,ndncb,e promoter* acnvau transcnptton 

^owm regulator, herbicide or phenolic compound or a physiological s,ress unposed 

L«y by neat, cold, sal,, or ,oxic e.emen,s or indirecly trough *« a»on of 3 
pa.hogenortoeaseagenrsucHasavirus.Ap.an.cencon.aininganinducib.epromo.er 

Laybeexposed.oaninducerbyex.emanyappiyins-heinducerroU.eceUorptasueh 

def.ni.ion are ussue specif* promo,ers ,ha, are induced by a development stgnal. 

The term "cot»,inrave" as used herein does no, necessanly Mica,e tha, a gene 
is expressed a, ftc same .evel in aU ceil types, bu, ,ha, ,he gene is expressed « a w,de 
range of ce., types, al.hough some vana.ion in abundance ,s often observed. Exiles 
of connive regulamry eleme„,s Mude, bu, are no, iimi.ed ,o, rectory elements 
OD ^d ft om,heCaNrv-35Srransc„p,.(Odene,a 1 ., 1 9 8 5,^,3U:S 1 0- 8l 2,wh,ch 

is incorpora,ed by reference), ,he nee acin 1 (Zharvg e, a,, J*» Oft 3: 1.55- 
H65 which is incorporated by reference) and ,nosephospha,e isomerase 1 (Xu e, al, 
1994 «o«P*y ! io'.106 ; "59-467,whiehisincorpora,edb y reference)gene S ,,hemaue 

„bi q ui,in 1S ene(Come j oe,a 1 , 1 993, WM ,« 0 ,.£ W .2 9 :637-o4 6 ,wruchisincor P ora,ed 

hyreference), ft. ubi,umn 1 and 6 genes (Holtorf e, al, 1995, Plan.MoL 

w » 637-646, which.sincorpora.edbyreferencO.ftetobaccocranslanonalmmanon 

facor 4AgeneCMandele,a,,199 5 Pta,Mo ; . ^.29:995-1004, which isincorpomed 
6 ,, , ,rtn>. prT/CA97/00064, PCT/CA99/0057, 

0 by reference), and T1275 (also known as ,CUP, PCT/CA9//UW*". 

and US 5,824,872 which are incorporaied by reference). 
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■ - s directed to nucleoli sequences which comprise 
The present invention is directed ^ 

regulaIMy events cap.b,e of — - — of , h£ 

&on , about 70% 

portion oi the waei & ; n ,-lude a translanonal 

, , A P 7V4\ The translational regulatory element may include 
nucleotide 2224). inc crnm MO- 6 0.2' Figures 6 

N0 , 6 , ,, * o, ----; 6 ; o ! 6 ; 16 ,: r 18 , 0 , 22 , 7 , or 

endues to the naCeor.de sequence of SEQ ID s 

, , ,<t„,in24ofSEQIDNO:6iinderstnnEentconditions. inetr 

===== 

• f orexamplebu,no, 1 imi.=a.o,ha,de fi nedbyS E QlDNO:5(Ll).SEQIDN0.8(U) 

SEQ ID NO'S: 5, 8 or 9, under stringent conditions. 

Tbe nation, reguUtory Cements of ,he present invention exhibit a hi^ 
v «. «f rhp RENT family of repetitive elements (SEQ ID 
NO's:lO-K). For example, with reference to Figure (C), trie high gr 
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t Ti«,,r P UG the nucleotide sequence 

ofLl.U and L5 are also present. 

, . smsnt of , he Wei - SwI fasm««. ' rfmed 10 as " iN "' " dN "' 
A shortened fragment of the/. 

.,e„aK", or -CUP i, »>» — « ~ M8 , 

limited io, post-rranscnpnonal or tr MofSE ODINO's:3or4. These 

i oT^f^FOIDNO's^aiidnucleotidesl-SeofbtguH u 
nucleotides 1-97 of SEQ ID nucleotide 

— * — ; • s ^'o.w^^edATOasde^ed 

ab „ve) or an analog thereof, or 4> rurrt , £rmtir e, these 

0 fSEQIDNO:3andcompnsingaKozaksequenc l0 -7nf«!E01D 
NO: 3. 

Other regulatory elements may include a regulatory element or tra— 
eol , do— of the national .art s,,e, for e^p, but not 

regulatory element derivatives 
fai ,ed ,„ the (nucleotides 1-188 °" ^ 

and fragments .hereof (for example nucleotides 1-141 of SEQ / 

, ^ , ,,Oorl-07ofSEQrDNO:3>,AN»(nucleonde S l-U9orl-86SEQID 

, I f 86 SEQ ID KO:3 or 4 (app—y corresponding to 
NO:4), nucleotides 1-86 ot itv m . T Ga S describedabove),U 
„„c,eotides2086.o2170ofSEQIDNO ; l,wi4ana.,eredATGasdesc n h 
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oenmKO-'n LI t SEQIDNO:5),M(SEQIDNO:8)«idL5 
(S£Q H> NO: 6) and U (SEQ ED M). 7), LU^ 
(SEQINDN0:9). 

i «t including a transitional regulatory 
, »,f, regulatory element, including «» 

specifics nsa* spec.ficuy, „ roth „ re ^l M ory a imbulcsinclu<lin|, 

exhibits transitional regulatory activity, that is, the prop y 

produced, ie. a repressor). 

— ,sfi, n h=rdi I ec K d,oac k i m encgc„econs m c,con,a i „» S 

present invention. Any exogenous g 

• .eh in the exoression of said exogenous gene. A lw a org 
present invention to result in the expressi . $ 

« m.v include but is not limited to, a gene encoding a protein, 
25 mterest may include, b duCt that functions in some 

ascribed to produce antisense RNA or *^ P J flMlieBltaillthe co. 

supP ression of other D* As or „ example ^ 

limited to, a gene that encodes a pharmaceutic y orimmunizalion 



20 



■ f nn fl interferon-x, blood cloning factors, for example, 
example, interferons mterferoo-B, mterferon ^ ^ 

tv ^ tP a or comb nations thereot. A gene 

encode an Mustnal enzyme, protero PP ^ ^ ^ ^ not 

xyto ase S ,en 2 yn,esi„vo 1 vedi,oil>,i<,sy ll *esise«c. 

iSU! * Z.™ s^s are — record » * 

of the mRNA precursor. Po ly y ^ valialiom are no, 

presence of homology to the corneal form 5 AATAAA 

15 uncommon. 

,h, T transcribed non-translated regions 
comairinsapoMenybtions.in.ioM^- »" 

,4 ^ email subunil of the nbulose-i, d r 

^ eh-menc 8 e„e construct - - present — ^ — ^ 

25 „,e it her — or transcnp, '-^I^-^ 
• * ,~ well known to persons skilled m Jie art, ana c 
enhancer regions are weU kno P ^ ^ ^ ^ ^ 

nation codon and adjacent sequences. The ^ 

t£ading frame of the codm S sequence to ensure of ^ bMh 

^.anon conrro, s^s and in.uano„ eodons can he - . ^ 

offteuanscrip.ionaiin.ua.ionr^on.orfromAesm.crara.gen, Th 



spe c ifi caUy .nodined - a, - n-ease » ° f ^ 

selectable markers. Useful seiecrau kananW cm and the like. 

„„ of gene of imeres,, * example ou, no, «ed -C QUS nnce, * 
ol ! 7« or algmen, .hereof, « the of GUS express an .ng 

5 barley.o.Uobacco.Biass.ca.soyo Ejiair . p l«s). 
„hi,e spn.ce, yeas,, fungi, usees and bac.enal cells (e.g. TaMes 

Tb^ealsoconsideredpanofhls — a. uansgenic hos,s coning 
Hmited to: 

. yeast, fungi, and bacteria; 

. pl an, S ,bo,hn,onoco, S a»dd,co I s, f o I exa m p.e,eo m .wl>ea,,bar 1 ey.oa,, 

.obacco, Brassica, soybean, pea, alflfc, ginseng, ***** 
, rrees, for example peach, spruce; 
• insects, and animal. 

30 
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ait and known to one of stall m me 
generated plants is not critical io this invennon. 

^ed^ved™ 

with an appropriate construct using liposomes I^p ■ • 

mav also be 

Lformed using kno»„ n«ta— P™cors < A ^P 
http://wvvw.biomcdnct.coni/db/tto). 

York Vllt PP. «l-463 (1988); Gererso„ and Corey, H. 
Wesly, Langmans Ltd. London, pp. 561-579 (1997). 

pto s may ,hen be used ,o «pe S „ve general e»»er 

vegetative propagation techniques. 
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,• r .A m The RENT family of nucleotide sequences as 
!eq ,enc«, for example, bu, no, hmued -o » MM ■ ^ 
defined here,n which exnibi, ton, abou, 76/. se q »en c y 

(Sondes 1723,0 222 > ^ roN0 ^ u(S EQroW*fcW 
KqnencesdefinedbyL2(SEQlDNO.0),or ^ waNI^SEQB) 
(SEQ ID NO-8) and 15 (SEQ IMDNO:9) and rhrir denvanves (e.g. SCAN 1 SEQ 

10 . 24 of SEQ m NO.6), 2*L2 (SEQ NO:22), B1-L2 and B7-L2 (SEQ ID 
^ 23-24), L2D1, L2D2 and L2D3 (SEQ ID NOV.2,27), proving ,ha, su 
Hjseouencesex*— a ll e S n 1 a,o^e lOT en,ac, i v i ,, Snc h ase,ne « 

" de^-hin DNASIS (using, * — <" - — * ° ° W '" 

Inons (see Man,- . * Molecular C ,«n,g (A Ubora.ory « » 
Sp ri „ g Ha I borL«,.9S2„oan > oneo f e,enuc.eo, i de S e,ue„ce S ae 1 ,nedo y SEQ 

(t g SEQ D NO,. 5-9. U - li. or Ut Ifl. *U B1-L2, B7-.2, UD1. L2D 2 
UD3,o t de„va„vesorana 1 o gS , to eof,SEQ ro NO's ;1 5.21,SCAK 1 -7, re spec, 1 ve 1 y,, 

or any one of SEQ ID NOY10 » .4 (RENT 1-3, 5 and 7,. proved ,h., *e fences 
J!! a, leas, one re.rla.ory proper, of *. of ,„« — regala,o,y 

Iren, as defined herein. Preferably, fences ,ha, are subs^aUy homologo s 
£x hib« a, lea, abon, 80 % and mo, preferably a, leas, abou, 90% se q uenee s,m,»n t y 
over a defined length of the molecule. 

in 4 X SSC a, 65-C, followed by washrng in 0.1 X SSC a, 65°C for an hou, 

tx S SC,,42.C,oranaly S e S car„ed„n,byhybHd i za,ion,nChure h a q »eouspbo S p^ 
b^ ( 7%SDS-,0,MKaJO.buf,erpH 7 .2;,0mMEDTA,a,65'C.w 1 d 1 w,shes e ,,he, 

„ 1 50X in 0, X SSC, 0,% SDS, or 65'C in 2 X SSC, 0.1-, SDS for ».,ue science 
r e S ,onsAnalo S »e S aUon,e,„deU,o S eDNAse, U enceswhichhybndi 2 e,oa„yoneoU,e 

^defldbySEQIDNO^.orrra^.forexarnpleSEQIDNO-s.-.or 
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«o „> NO-s.15-27, thereof, under hybridan 
derivatives, fcr example SEQ ID ™ , . naltooMreg ula,oryproper.yof.he 

to 2XSSC 0 ,%SDSfor«amplafora„alys. S of I epe, lt «r tal om 

, ■ u i fxiwine electrophoresis and drying ot the gei, oi uj 
within the gel following eiecirop ve been 

. s X SSPE (0.9 NaCl, 50mM NaPO., 5 mM EDTA), 0.1 /. SDb, 

Mow the Tm (melting temperature), where 1* is defined as: 

Tm =81.5-16.60o B [NV])rt.41(%G + C)-(600/N). 
1 , k Ki S ,he length of said nucleotide sequence. Gels are washed .n 6 XSSC, a. 

hybr ,di 2 a,io„andwashin g ,=mpera,«resofabou t 10,oahou tl 5 be.ow,heT 

THe specific sequences, referred ,0 in the present uwention, also include 
I ■Uc,ior^ 1 yeq«iva.e„,-»>rhespecif,cse,uences. Inthepresen, 

DN A sequences that . nvemjo „ ^^ny 

transformed host. 



, is weU established in the Uteraiure. 

lot.rv activity as described herein, 
^.eo.id.sL.e, 0,10-24 ofSEQ ID Na6fr2 yteuse4as 

sequence 

• ■ • ■„ leaves of Transgenic tobacco SRI 
frT'Qmecific activities in the leaves oiu 3 

AcompansonofGLS spent* g 
• t u nffi GUS-nos gene and the 3bS-Ub5 no & 
!0 ^sfonBcd wuh th. T 27,-GUS ^ ^^^eimaveUde^dby 

GUS specific acivito were anular (Bgure »• ^ ^ ^ 

2(B)) suggesting the existence oi v 



leader sequence 
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fragment (also referred to as N ) no 
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, a- ,k*»t a 46-fold reduction in the amount 
ofG US sp K ifK ac«^tecou.db E de,«cd» ^ , w SR1 

1 mv> increased the amount of GUb spccui 
intrans 6 enictobaccoandahigh.rarn ^formed mih 

the presence of a post-transcnpnonal regulatory 

A - OUS was - - va*,v ^ ^ - 

y e J(Table 6), bacteria and tnsec, cells <~ Examples). 

j ,«! thai lacks the ow-of frame upswam ATG at nucleoua 
Pr ° dU " " . M mi m Consent co mP nsingT>27H*N> 
208 9ofSEQIDNO ; H*^« 4 < A > a " <UB) \ . . of , ransgcr ,ic tobacco 

, old „ ca ,e, levels of OUS acttvity in leaves ontans, 
GUS-nos ytCded 5 fold great ^ „ £om calte mi yeas,, 

AN significantly increased GUS expression 
and Table 4). 

n os, T1275.N-GUS-nos, 35S-GUS.nos, ^ 

e lOT e»,bu,loweTtn I hose m detconuo 1 ofbe 35 S P t» 
constats tha, lack Ws re^on (Fi«»res 3 (A) and <B». 1W 
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• Pirates or the siabiliiy of the transcript, or 
functus by either modulating transanal rates, 

both. 

. in y UTR (untranslated region) can affect 
effciency. either P-** o, ^J^,^^ 

jnvariousorgan.sms.ncludtngi.c ,,„, cm be found to many rnRNAs. 

apparatus. W - — ^ X' mechanisms identified so fa,. Several 
.xampUsforuanslauor^er^ancmmcludeteOmg 

the5 . al pha. b =, a l.ad„of teP o»ov U usX(To n ashe y ^ 
74, ,,27-2724); and the 5' leader of pot.ro vtrus S R*A (Turner, 
Virol. 144, 1451-1461). 

s »ch as .he leader of the tomato late pollen gene la,52 (Bates « 
623). 

, , dhereinAeW^region.andfragmen.sthereoffune.ionposr- 
As ^I^^^^^^Q^-g specific activity ro relative RK A level in individual 
' OTOTP " 0DaUy "Ih ^ 1 »c k ,he^-Wfra e nen,U.o.ec,andwhe»avera 8 ed, 
Transgenic tobacco plants that ^ ^ activity per RKA, than in plants comprising this 

reconfigure 3(C)). S imtlariy, an tncrease, by an av«g 

■ u .H«,heti the mel-Smal region is added v/itlun me m 
activity is observed when the m fa 

region figure 3 (C)>. The GUS specifc act,™^ 

constructs contatoing the N^S™, fragment (.CUP-OUS-nos «* 
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transcriptionally. 

f k M» nucleotide sequence were also prepared (LI- L5; see 
Five A -peerWeW and charged for rneir 

Figures 6 (A), 6(B), 6(1). SEQ1D NO s. 5 ' u . u me di»ed the 

One of these fragments, L-wmc P ™ ress ion of a gene of interest by 

ibM , 20 rimes over fa con*ol « ^ „ f 0IgaJusms , Ending, M 

..•n^^^^TLJU , te —a, 

0 ieg ulatoryelementfunctiomwi.navanery 

. , m»ore 7) iCUP (native sequence), EnlturAM 

ta „o,li m ,rf,o,35S(F.gure7), ( daCanolacold inducible 

FiguresXA), 9(A)), P„, (figure 6(C), P., ( I 

25 ^ 1^ as a rrans.a.iona, repressor, 

(an „ ^eoude seren e ^ ^ ^, 5 fold in ^ (F.^re 6 (O). 
reducing the expression of a gene of vnteresr 
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of u hordes from other members tf ^ ^ ^ ^ ^ ^ o£ 
NO 's:23-24) revealed that several regtonso roNOl22)tasa lsoshow».te 
U . Us te | W oU=Umems ta ,a„de„^e (^ ^ ^ mutan «, 

olig omerizanor.o»eUe.em«n t mc I eas«s«senh SCA . N2 , SCAN4. 

i ,„rv elements as laiown within the an. 
with other regulatory elements 

„ stag transient assays. I*. P«»» «W ^ ^ 

four other fragments (LI, I. u ^ u have 

to wever the acrtvity rs spectes dependant 

^ctag activity in me tobacco wasfonh er,.s,edusi,,g 
^tymwhitesp-. Tbe '^^ Tr— of—* 

constructs eMven by .be promoter 35S A '> ^ cell cutaie , 

pto , s as we., as transit assays in pea protopla - *« ^ 

v ^rallus were performed (Figures 8(b) toi.^ 
^ com and wane spruce caU s w ^ ^ ^ 

results followed me same .rend as the results 

, me otlne L2 derivatives, including SCANS, SCANT 

::::;rr:reaseo f — 

(SK above). The use of U in ^^^f a if a and white spruce (Figures 9(C) to A 
difference in the increase 
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promoters used OCUW vs ,CUP3> and! between either spec.es or assay type 
(transient vs stable expression). 

The .euvity of the U - M (SBQ ID NOY.6 and 8) was also tested 

compared 10 a construct containing none of the L fragment. 

Wore, the preset* invention atso includes severa! translation, regulatory 
elements identified within the dN" sequence (SEQ ID NO:4). 

Collec,ively > theseresul B .ndica.e,hatconsm,c,scomprising"N"(SEQlI>NO:2). 
AN (SEQ ID NO:3). AN" (SEQ >D NO:4), L2 (SEQ ID NOG. fragment* 
i n cludi.gL2C (nucleotides of SEQ ID NO:6) and L2R. (nucleotides ,0- of SEQ 

ID NO*), analogs or derivatives of U including. bu, not limited to SCAM (SEQ © 
N0 15 )SC A N 2 ,SEQmNO ;1 6).SCAN4,SEQ I DNO :1 S,,SCAN 5 (SEQ n >NO: 1 9). 

SCAN0(SEQmNO:20,,L2Dl(SEQlDNO:25),UD2(SEQlDNO:2«).oroHgomer 

o,L 2i nc 1 »din g ,bu,no,.imited,o2xU(SEQIDNO ; 22).Ll(SEQIDNO : 5)U(SEQ 

IDN07)M(SEQIDNO: 8 )»dLS(SEQIDNO:9).oracombina,ion.hereof.func. 1 on 

M relational enhancers within a variety of expression systems and hosts. 

One or moreofthetranslationalregulatory elements as described herein may be 
used in conjunction with other constmmve regulatory elements to drive the expresston 
of a gene of interest within .11 organs or tissues, orboth. of a plan, These elements may 
aiso be coupled or inverted in order to further mediate their activity. Forftermore, one 
or more of the rrans.a,iona. enhancers may be used in association with tUsue-spectfic 
regulatory elements such asthose well known in the art in order todnve tissue spectftc 
expression of a gene of interest. Chimeric regulatory elements comprising one or more 

i „ m „v „ko be used in association with inducible 
translaiional regulatory elements may also be usee in 

regulatory elements as are Imown within the art. 

The use of fragments of specif, elements within the 35S CaMV promoter, or 
tCLT. or other have been duplicated or combined with other regulatory element 
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a * rhimeric re^latory elements with desired properties (e.g. U.S. 

in order ,0 mediate expression of a gene of interest. Furthermore, .he nucleotide, or 

RENT family of repetitive sequence, or as PCR prune, in identifying or amphfyng 
reured DKA or SNA sequences in o,her .issues or organisms, for example, bu. no. 
tailed to, LI - L5 homologs. 

Thus this invention is directed .0 translationai regulatory element and their use 
,n association win, o.her rectory Cements »d gene combinations comprismg .hese 
regular elements. Further thts invention is directed to such transanal regulatory 
Cements and gene combinations in a Coning vector, wherein the gene is under the 
con.olof.he chimeric re^ato^Cementandiscapableofbeingexpressedinahostce! 
nansfonnedwimmevec.o.TMsinvennonfcruterrelatestorransformedhostcC.sand 

and regulatory Cemen.-gene combinations of the present invention can be used to 
transform anyhos, cell for the production of anytransgemc host. Represent invention 
is not limited to any host species. 

Therefore,theregulatoryelementsofrhepresentinventionmaybe used to control 
the expression of a gene of interest within desired host expression system, for example, 
butnotlimhedto: P lan^^ 

soybean, pea, alfalfa, potato, ginseng, wheat, oat, barley, ^a6,^; trees, for example 
peach, spruce; yeast, fungi, insects, and bacteria. 

Furthermore, the relational regulatory elements as desenbed herein may be 
used in conjunction with other regulatory elements, such as tissue specific, mductble or 
constitutive promoters, enhancers, or fragments thereof, and the like. For example, the 
translationalregulatoryregton, analogs, or a fragment thereof as defined herein may be 
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»«ion of . seae of in.eres, span* and development 
^naplan.oftaeres.orwurnnahe, m P be opHatively ^.ed «hh a 

or «M— *«* " ^ m **," 0I JL he ,erologou S rranslauona, 
„e,„olo S o. nudeo-.de seance nrcludmg n ^ . ono S fagen£ofimeres , 

— S^^I*^— 

antibodi e s,ann 6 ens>e a rdenvativesu G M-CSF, 
Sue pro,eins include. *. » » — - — ' ° ^p, , i— -„ 
hPG-CSF, M-CSF or —ions — c J^^or 

• <• B imerferon-T blood dolling factors, for example, Factor 
, raeI feron.B. m-erferon ^ _ ^ 

** — " mere ° f , " g : a l,addea produc, for feed, food, or r,o,h feed 
^rTlSi-** are no, limi.ed ,o pro,eases. 
and food use. Examples of P ptoses, enzymes involved 

may also encode a 

herein. 

^ limir The claimed invention in any 
The above description is not intended to tout me ciaun 
^lore, J— — of fear.es n* no, W ac,o,u,e,y 

necessary for The inventive solution. 

Tne presen, — w„l * f-Ker illus,ra,ed ,n ,ne fo,.owi„ g example, 
„o«vr i , 1 ,o b e U nders,ood lte u h esee X amp,sarefor i n U s,ra,ivep U rposeson, y ,and 

nr-ed-olimin-eopeof^epresen, — inanymanne, 
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Examples 



Post-Transcri 



ptional Regulatory Elements within T1275 (tCUP) 



. „ f T u P reffulatory element (Figure i , ^ 
T1275 . ar.d preliminary '™7;^ A ^, PCT , CA9 *0057, a,d US 

5 , 824 , E 7 2 »bicb are i-r-^S, ^ taOy of,epe,i,ive se^ces 
exhibi. substantia! similarity wnh members of 

(Figures 1(A) and (C))- 

Western blotting were similar between p _„ isofGUSln R> I A>evelsby 
GUS specific ac.Wi.ies .ere sin* (Figure (C » 

ori3measuremen.s)lowertaplan.srransformedw,*.beT12»u 

leader sequence. 

determinant 

. . T ,„ 5GUS . n „sT1275-N-GUS-nos,3 5 S^US.nos,or35S + N-GUS-r,os 

a, 42-45 degrees in S0% formamide. 100 mM sodium ciua.e pH 6.4, 300 mM sod 
acetate pH 6.4, 1 mMEDTA. 

ne.evelsof^KAe^inedfton.uansgen.c.obaccop.an.s— dw«b 

el ,ber T,27 5 -N-GUS,os, 3 5 S.GUS-nos, or 3 5 S*GUS-nos «. 

Xrntra.sgen.c^tsco^g.be^^^^tbeco^or.be 
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r-nT75 N-GUS-nos; includes nucleotides 2084---^ 01 a v 

ab o», 46-fold ***** » *• ofGUS specm w ^ 
lea ves tf WW* ,o»aceo cv DCgoU, (see »• " 

a 40foldreduct»mGUSactmty° „ ft , ri rrabte 1) Addirionofthe 

vaWcocvSRI and transgenic alfalfallaore u- " 
oosavedintransganclobKCOcvilu 35S * N .GUS-nos) 

sarne fragment » ■ 35S - GUS " nOS 6en ;^ ^^and 

^increased the an.ountofGUS specific act^byabcurSfoldm 

by a much higher amount in alfalfa (see Tablel). 



Table 1. 
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SRiaodtransgenicalfalfatransformedwithvectorsae g 
of cryptic regulatory sequences within the tran 



transgenic tobacco cvDelgold, 
designed to assess thepresence 
scribed sequence derived from the 



T1275 GUS gene 



fusion (see Figure 1 (B)). Mean±SE(n). 
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Construe: 



Delgold(l) 



GUS specific actwiiy 
pmoles MU/min/mg piotein 
Ddgold(2) SRI 



Alfalfa 



T1275-GUS-HOS 



557±1S3 (21) 



Tl275-N-GUS-nos 12±3(22) 
3SS-GUS-nos 1S48±692(15) 
35S^-GUS-nos 6990*3148 (23)_ 



493*157 (25) 
12*3 (27) 
1347*415 (26) 
6624 ±2791 (26) 



805*253 (22) 
6*2 (25) 
1383*263 (25) 
6192*1923 (24) 



187*64(24) 
4*0.5 (25) 
17*11(24) 
1428*601 (24) 
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A similar effect was noted in organs 
progeny from these plants (Table 2) and alfalfa plants (Table 3) 



tested from transformed tobacco (Table 2), 



nr»rr 
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Table 2 

^orgaasofuaosgenicCobacccandorgansofFlofc 
(n=5). 



, Organ 



10 



15 



20 



25 



Uaf 


• i> 
]513±222 


Flower 


360=47 


Seed 


402^65 


Uaf(Fl) 


\295±801 


Stem(Fl) 


4066*643 


Root(Fl) 


429*172 


* control activity from^io 




Table 3 

,tc Tn75 . ( -N>GUS-nos,35S-GUS-nos,35S^GUS( + N> 
ExpressionofTl275-GUS- n os,T1275-(N)^^ 

r *-^«capnic alfalfa. Mean±SE(n-sj. 
GUS-nos in organs of transgenic auan 



Construct 



GUS Specific Activity (pmol Mu/rnbvmg protein) 



T1275-GUS 
T1275C-N)GUS 

35S-GUS 

35S(+M)GUS 

Control 




,545,2015 10791,6194 9932,5496 
3.7 JB. 
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10 



units/leaf). 



15 



. „ cpn TD NO's:3 and 4), 
* »v,» W^I-Swal fragment (see St^ " w 
A snonened 6*-"^.^ X» and lacKng *e o-of frame 
referred . - "^ 

theleadersequencetoa^Wsnem consrruC ted at the initiator 

are derived ftom T1275 ^ n C ID NO'3 and nucleotides 98 w 126 

i Tio^sfANVGUS-nos, when introduced 
.• noA w for example T127^(AMj uuj 

"r:!^ ^ ni^I^ofOUS^.n^.no.er, 
into tobacco yielded ficom 8 to u to 5 Mnr . ss ine Tl275-GUS-nos 

t«w™ compared to plants expressing 1^' 



2) 

itv of Ndel-Smal, N, and AN in other species 



25 Activity 



- • n„™ callus indicated that the Ndel-Smal 
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.40- . 
,w hioher level of expression generated m the 

presence of the ADHlmuond.FtgureH 

Table 4 

. • rusadivity in bombarded com calli. Luciferase 
Transiente.pressioaanalys.sofGDSacnv.ry, 

aclivity . aS usedto— e t hedat,Mea ni se(n-5) 



10 



Cons truct 

35S GUS-nos 
35S(+N)-GUS-nos 
35S (AN)-GUS-nos 
35S-i-GUS-nos 



Ratio GUS:Luciferasejctivity_ 



7.4±4 
19±5 
18±10 
66±27 



15 



20 



, /ecn rn NO-2) was also determined 
in non-angiosperm species. Pxnress ion (Table 5). Similar 

(control) activity (Figure 5(C)). 



41 



10 




Tl275-GUS-nos 
T1275C-N)-GUS-nos 

35S-GUS-nos 




15 



20 



25 



Yeasi 

^wc EO IDNO:2)orAN(SEQDl 
recast .hepresenceofthe^alfragmentCSEQIDN 

y in expression of*e marker gene. 

N0.3) exhibited strong mcrease in express 

YTS2isamulu-co P yplasmid.Itcamestheinducible 
Yeast-B.colis h uulevec l orpYBS2 am ^ „ when galact ose 

P^P^Incu!— ^ 

^sedascarbonsourccP^^e o,Th,e ep ^ ^ 

lhe GUS reporter gene was inserted mto pYBS2 P neGUS 
• • K^rween the transcription start of P^n ana ^ v 

Smfll fragment, and GbS(UiOA> 
5 (A): 
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Name 

no 



Version of "N" 



P^ 2 no (control) 

pYEGUS ^ kngth Nrfel . W fragment, N 

5 pYENGUS delia NwithKozak 

p YEdN M GUS (orpYEAN ^) 

, -a *YK2 which contains a galactose- 

t> There is no reponer gene in y 

, n. titm f derived from nucleoude im<* 
regi0 n obtained from T1275 (den enhancer fragment and 

the GUS ATG which is located at nucleotides 117 1 

. tmvsCI using known iransfonnation 
T.e yeas, we, 

was determined by 1 *" • » . yiiydetOTlin ed q u a n,i>a6vely. Up 
t0 at ,ou, a M » '» ««* « 'Ttuofreponera.W.ydaWe 6,. 



-43 



Table 6 , , , 

repression rf,«GIA pV ^ 



Construct 



10 



pYES-GUS-nos 
pYES(+N)-GUS-nos 
pYES(AN)-GUS-nos 

LpYES(£f^£U!^L 



Activity 

93±15 
753±86 
U19±85 
1731*45 



1 

Fold over 
pYEGUS 


Expt. 


2 


Activity 


Fold over 
pYEGUS 


1 


407=8 


1 


8 


1771-191 


4 


12 


2129±166 


5 


19 


6897^536 


17 



15 



20 



2S 
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Trisect 

• „ ei N«(ie ANUacktngiheKozackseAuenc^SEQIDNO* 

Constructs COnlM ^ t ^ These constructs comprised the insecl virus 

^R^dDwereaisotestedurm e -ce^T « ,„ Ore 

prese „,o,ahseuceo ( ^dC A T m0 , h (i>mOTIri0 was 

gene. The insect line. Ld652Y, den .„„, ioosom es(CamphellM.I.lW5, 

1^2- Forsythe l.J- « ai w7o, <=. 
Biotechrdques 18: pp. 102 /-^ , quantitatively 

C*. were harvested , £ ^ * PP - 

function as a translation repressor in insect cells. 

., , (3xU referred to as Short 3 mer) was 
T* activity of L2 and an ohgonrer of U (£. f „ ( , op 

/rimire 1 1 bottom panel) snow umi »~ 
panel). The results (Figure u,d 



10 



•„ I. reference construe,. p2Zop-2E-CAT. the 

r Mi« n< as a translational enhancer 
The mel-Smal fragment funcnons as 

^ouse ^-^^O*" ^ ^ comprisfag the 

^ RJJA level in individual ^£2*^^™ **** 

arivuy per SNA. Similarly, an increase <>y 35S ^wed 

region (Figure 3 (C). The GUS s^aftc * mi , JStN , GUS -nos). 

These results indicate that the Ndel-SmaJ fragment (SEQ 
expression post-tianscriptionally. 

• wi„ e ,» virro translation, suggest mat .his region is a 
, ^, experts, — ' x ^ fragments, from approximate^ 

„ 0V e,^a,,onal enhancer, J — ^ ^ £Xcised ftom ,he 

of the transcriptional star, sue to the pleases and liga.ed 

25 hy,hepro k aryo,ieT7^Apolymeras,A„o^- 

~ r rue nn<; fusion was similarly pr^a* 
in me 5' UTR of a GUS-nos to ges , ionotm A>^-GUS.nos toon, 

construct was 

createdbyresmcuonenao ^ 
30 p.epared.nv^tnthepresene ^ ^ ^ of 35S . 



* 4:> ;«rrpase in translational 

-LZZZZ---- 

efficiency of RNA containing the Ndel 

Table 7 . 
• A fromtransgenic tobacco plants transformed 

, Pip«re 7) using wheat germ extract. 
gen e fusion (see Figure 7) using 



10 



15 



20 



25 



Tl275-GUS-nos 
T1275-M-GUS-nos 
AMV-GUS-nos 



in virro translation 
fold enhancement^ 

3.7 
1 

1.9 



aU0 ^ than *~ ^ M 7 *;^7,N^, von«PP. 
Mosaic Virus KNM <?<«* S A ' md & ** " ^ resulK indict to, this 
„ , - <. s „ aU 993 Plant Sc.. vol ». PP- 139-1 49 >' TlleS 
Dl ,UR.S.S.e.al nms ,a„oMl enhancer, 

region tactions pos.->ranscnp..onally, as tr 

Characterization of the trao>" 

[M iaN m, 51inteIS v,eredesignedand S ynlhesizedusing 
Basedonsequenceofd-NrntAN ).5« ^ linkers were cloned 

aaD dardpro>oco.s(H S ures6(A)and ( B);«Q ^ 

pm2^S,pVEL3GUS,pYBUGU S ,andpm » ^ 
(fig ure6a».TheGUSac l ivi,ywa S d e ,em.nedus,„ S n,e 

, , ,SE0 ID NO:6) enhanced the expression of CUS 
30 Of the five fragments, 12 (Sty ^ ihe , £vcl of 

ornately 13 « over the level mpYEGLS, and 



" . w The fragments LI ,L4andL5 (SEQ 
^CUSwhich— ^:^U^c«en, hy ^Ho M ,w* 
ro NO'S*. 8 » teq«nvcly) 
y (SEQ ID N0:7) exerted a, inhibmon functton ff» 

5 Characterization of L2 

H L2 were designedcotnprising-eondes l-16ofSEQID 

p ,asmidsweredes,gnatedpYEL2CGUb P Ms !h „„ed to, both 

UC and UR tacked GU> 6 (E)) Ho « ver , 

thBe fra^nents exhibited >ess acttvttythan the fulUeng, 

- j . nYFT MGUS) contains the 

overlappitieregiono"-- 1 -"" „ V EGUS (data not shown)- 



20 



25 




30 



.onsuategywasusedtedetenn.newbichbase.mUarecmcai 
"muutton *W OTtei ^ to do„U.E^of,hese 
toiB aC»ity.Seve n l,*e,s(SCAMl SCAN J ^^tatoldir. 

c om pa I ed I opVEG U S,,HeaddmonofSCA N ..^^ 2BabMtiofoia(Fjgure6 

this base construct increased ^"^^^^^ ^ pYESCAKZGUS did not exhibit any 
m ConsrtucscompnstngpYESCAN , to anatogs of U 

increase in protein expression (E.guK 6(G)). These r 
al so exhibit translate enhancer activtty. 



10 



15 



„Wh «* h"**"* *" *TZ ,ha, rhese constructs had GUS actWV 
pYSB ,UOUS, OUS 

Ihe consul contaurins U <F*» 6 » compate d wifll U (see 

UG US and PVBB7-UOUS, «»»-«« ^ ide „ nfi ed as 

Hg u,e 6 CD), « amutanon » eaCh ; n ;l h£t ^atetheimportaneeofthe 
cri Uca ! by* e scanni nS n 1 u,auonexpcnme n ^ ^ 

co „»inin g denvan»=sofL2whaeon DdeIi o„ of either one or both 

( H^e 6 0); pYEUm, pVEUm an, PYBU^ ^ ^ ^ 

, j u „vpt 2GUS however the UUb activity 
expression produced by P YEL2GUb, ^ ^ 

expression from *e control construct pYEGUS 
PYESCAN3GUS and pYESC AN7GUS (Bgure 6 (I))- 

• rtf o *as tested by introducing a derivative 

Tte of the *"-7^^, 0 ,«u«»» 

0 P YE2UGUS (Rgure 6(D). The rift p t u „ 

m*.,* was a,so «- by ^ ^ „, ^ (Bgur e * (N, 
^^^H^," YE3.UOUS ana pYE«S, which 

compared with the reference consul pYEGUS, *nn 
observed using pYE349L2GUS. 

30 • fu^ionsinanexpressionsystemotherlhan-heP^, 

toorderlodetermmerfUtunenonsm The P^ji promoter was 

^em, a new serres of — were made (F.gure 6(M)>. 
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«,«t«P in the plasmids. Comparison of p-^DHGUS 
and pADHL2GUS yeast showed that L2 funcnons 
(E) and (H)). 

taorierro.enfyrharlJsactmry onstranwasdM onn»ed. Yeast 

.eregrowninSC^osemed^OC «.* ^ ^.^.r 

— — wsc t:r"— 

theGUSreportergene.TotalRNAwasex determined by liquid 

• - f I 2 functions through translation enhancement or by 
order to determme .f L2 tactions ontainingL2 was 

•«a mRNA stability, the rate of disappearance of GUS mRNA 
increasmgmRMASiaoiny, element (Figure 6 (P))- 

r .^acktoSC/glucosemedhimandsampledattheraiervd 

, show .har the GLSmRNApr Ws shws rta the increased actmty 

^LheGUSrnRNAproducedbypYEGtJS. Tins OMaioing 
obscI vedinprese„ceofU i sno,due t oan,ncrease 1 „ S ,ab,lnyof*e raE >« 



L2. 



25 jyj^A transient \ea£as§at 



30 



i nn^LLU -r ■ 

co„ t a i „ i ug,hese fr agme„,s«=d.o^P^ tCl - ,P2(a,S<>I£t 
Figure 1(A)»- wiIh refEKnce '° f *™ ^ ' 

- . rhe .CUP regulatory region to position -3<>4 (from . he 
• COmP " SeS ' ^ ' QroKO^.AN-.ac^aKo^seo.nence); 

translations! start s«e), anddtf (SEyiu w 



nArr c-7 



10 



15 



20 



relational start sue), (bfcV „anslational sun 

tocto desaTATAseauenceinse n eda,posmon-30(fro 



site); 



' es the tCUP regulatory region to position -394 (from the 
Ration*! start site), dN (SEQ » mnsU , ioMl stan si ,e), and a 

star, site) fragment, repeated three on*. 

■ • ,r,JP luted with GUS were prepared (Figure 7(A),2, 
Cowtmcts comprising tCUF unK 1 ..... L5 »inFiB»re7(B))and 
pU C,CUP2L l OU S .opUC,C W 2 I . 5 GUS; re fer,ed,o. L ^ 

dN™ (referred w a -N mnguic v // 

Miller, R.A. and Opma, K. (1968). J. P nreoaration for bombardment. 

Oehite (S^. -A, J^,^ ^- - ~ 

Ptasmid 0NA was isolated ustng the QIAGEN manufaclu re re 
ieli vered tnto tohacco leaves using BioKad ^ ^ 

.ours after .ornhardnrentUefferson.Rj. ^ ^ ] R ^ 

jW* system ■ in Genetic m-* » ^.GUSactivitywasmeasured 
„ollae,der.A.,eds).N=wYo*PlenumPres, P p.247 263) 

aspmoM-methylumhelliferoneperrngproteinpermm. 

3 „r . 7,B) show that U is the most active of the Sve fragments 

The results (Figure 7(B) show tna rf 

. , , -a u also produce a significant increase in 
(L1-L5) compared, while 11 



5 = 
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.^.(pUCCUP^-H)). However none of, hose 

activity. 



expression of the «t-« M ° S ™U J,™r,m) al increasing -he level ° f QUS 
fragments 1 



10 



15 



fc K r i to L5 was also tested by bombardment in an 
The activity of the fragments L ^ 
/.nimre to evaluate the range ui ^ 
ilfalf a ce« -^"fX^ono^n.pecin. The constructs desenbed 

ta 7( A ).2 «re «- W^f ^CE-CUPMUS. which 

fte fragment (referredioa .CUP2 and 
were also included in tta comparison. 

i ma 4 2 was used in the 
,„„ i uv Rangelander, clone w<u> 
Alfalfa (AtoKfiflgo saw* L.) cv. k propa gated fn vfrro by 

^culturtng individua, node. » 7 m S*^ ^ ^ ^ ^ 
1W-204) medium modified .o contain .- mMag e„ia containers 

(Mag emaC.r,.Ch,cago). ^ ^ of B5 m edium 

5 serine, 7.4 mM adeiune^S^nM-^ af[ er introducing the petioles into culture on 
Bactoagar (Duco) at pH s.». Twen y y> „ 
B5h medium. caHus developed «. ««*»• * ^ 

^ ^ half to two grams 01 tissue ^ 
for proliferation. One and one half .0 tw eT ^ ^ ^ ^ „ 

suspension cultures were transferred to tresn 



, ... 5 7 days after subculture, were 
For bondmen, t* ^ " ^rransferre^BS 

medi>ral ovemiim. w ^^mp-P-* 

coneenrraaonwas.diusred.orm^DNA ^ ^^...Utebvre.M.. 

^descnbedbyBrawr.eriCBro^D.CW 37: 47 .„, DKA - 

^ A- ^ Webb, , '^^Lo*-.-* ^ ^ 

dt „ver.di M onssuesusi„ Sa mod,f l edm.c.e f5oonmmeAwas 

f three plates was bombarded for each construct. 
5 A minimum of three plates w« 

— -:tr; r res 

The resuUs sbow (P,™ C>» * J u , o tCOp2 . L5) alM 

— * *a^,s - «- ^ ^ ^ KftiOTce consOTCI , t a»2-N 
25 s iS nif.«ively taa— te f-frasmemsproducebyMf-tocreaseof 



Spruceuansje^ 
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t i to L5 were also tested by bombardment in a 
The activity of the fragments LI to L ^ ^ The 

wto e sp.ee callus expression system to determme 



1(AU were used (pUCiCUPU.GUS to 
construes scribed in ^.^^^ht^TO ™ 
pU C,CUP2L5GUS; referred to as t - ^ ^ , he c<rasml „ 

consrcac, pUCEntCUKGUS, whtch « ^.o,^^ 

pU a» - C °^; w JL included in the com P »so, 

TCUPMT , respectively, in Figure 7(B)). were 

„. „, M wre maintained by subcultunng on half- 
Bmbryona, .issues of ***** ™ ^ minm CeUR ep 

4:325 . 328 )con,ainin S l 0»M*« ^ s W£K subcu , m red every .0,0 14 days and 
(^.-amino-P-ne). AH the « „ days ^ SUD culmre. 

mto i„edin*ed»rlc.Forbor»bardmen.0.4^ , was place a in a Petri 

w „ep,aced,n a * iayer on a «* " ^'^^QiapnPiasrnidKiis 
^r.econeennanonwasadiusred.oirn^.DNA ^^n.,, 

s . panicles as described by ^ r ° V ^ 1 ^ ^ ^9^4. plant Cell Tiss. Org Cull. 37: 47-54.). 
Lefebvre, M., McGrath, A. and Webb, J- ^ ^ „ „. 

DNA was ddivered into tissues using - ^ w ^ a tf 

(19M , „erebornbard=d onc« £ P „ md 

500 mm mesh was placed above the m ^V,tU medium and 

— — f- 3 ^ ^ slOT „asde,e n n.nedbyab,s,ocbem l ca, 
each constructs, Transten, OW gen P ^ ^ ^ gene 

25 , m „ lhal u and L4 produce the strongest 

„. results show (Figure 7 (D)) *a^ u ^ L5 alw ^iftcatively 

^cement among the ^^^^cca******- " 

30 in P UCtCUP2GUS). 



10 



• u n«t active of the fragments LI to 
L5 ,» ,o„acco, atfatf* and *** , m acOTl v U mo, ^ 

assay , and Ll and M have s lgn .fic»nv=e 

. jyasgaflc^jai^^ 

, , „ d , 4„ aS fimb««^-' sin8CC " ,Sm ' C ' S<iliVen 
pU S3 5 SUGUS,andpUC35S14GUS,..fe«r bastdconOTucisbycumng 

^EcoRIandHindm. .^p^*-" 
^fo^nusing^— " T ^ , 5implifi ed «<W for 

Agrobacierium-^izxsa mx 
(1998). 

, t , Brodaces an increase in activity over the 
UeresultsCFigureSCB^howthatUpr ^ 

,, SGU S and the construct containing 
, 0 reference construct, 35SGUb, an 

seen by 35Sd^GUS is higher." 

^Qmicts containing either 

I CUP.35Sn.3 5 SN,35SU ffi d 3 5Sand*e^ g » 
elanopoiaiedimoproioptots. 

, „„„Pr t , ffl ess)se e dlmgswereg I o 1 »ninsoiU<18'C 
plaW s. U.* * 5 mm> " e 



, bbed with caiborandum powder, 

solution eomatangOW l " V)P . „ „ „ sw ^ 0.5 M mannao! (J» "> 
vacuum — - 15 r^J^*^"*"^, 
' , to iu a second en^e „, v > ««— ** ItP °" 

in 500 ml) for 5 mm a 1500 *"" 
MmarumolconraininglSOniMKCl. 

, „ taFD Affluorescin diaceiate) SIainmS 

20 and pro^s were ^ a. «'C for ^ ^ genlly ^ 

m d desired DNA « » ' f' ^ „ tBioRad , The elected 

^rtwi^O-S ml growth mtd.ua.. The c«l 

05 hr. 

• ,no u lofbuftersolurionconiainmsWO 
mM KP0.. ImMBDTA. 10* ^ e ^ GUS acuviries «« «"-» * " 

30 described UdW* ^ MaIhws , „, Saunders LA.^hardt 

^em.FUn.Mol.B.ol.Keponer 5.387 405. 
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M e*ods in Molecular B.ology, Vol 5, - ^ . AU GUS 

Protocol, ed,^ 
activities were normalized w.h respect 
caused by electroporation 

,mL2 increase the level of expression of the 
The results (Figure 8(C)) S ^°*^^^ doing so than the full length Ndel- 
^^W^^Z* re sults demonstrate that constructs 
S„* fra^nent, K or *e fragment IA • ^ ^ ^ flTldings 

comprising L2 operated alternate plant syste 

obtained using the yeast system. 



■ f n and L4 in other systems. 
Activity of L2 ana ^ » 



15 



20 



25 
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'J 

tob acco ,eaf di*. - „ pUC 35SGUS, and *« 

proto ces an -« * ^ ^ tf ^ F oduced * U * *« 
consm c,con,a,nin 6W . * ■««- SKGUS) . «ase b yU m d 

N »cd,o*=prom«er 35 Sv,as lE ss 
w«a S soda,edw i ,h,hepron,o,er.CUP-(s« •> 

35SdN- »d 35S (Figure 8 (A)) «rebombarded 
, *™h «S were also bombarded in com 



10 



e 8 (A)) v/ere 

lc ,, h er e feTen«»nsirua.How 

— — """" 



20 



,5 Bacieria 

S econdintegrauonume.-206TAP> 
carry the luciferase gene. 

uf events are enhancing the level of 
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' 51 " !0f Ui»cl** SCAlW ' SCAl " 

andCOnifetS ' c pU C:CUP2SCA^GUS, 

««ruc» P UCiCUP2UGUS, P CTe evaded by 

tn,^rAN7GUS and pUCtCur ^ ; e 9 (B ))sno 

f t 2 in ^dem (2*U) waS ^ . cnmceby „ansient assay 
The use of L2 m d ^ ue spruce by 

. M ce ,u as described above, usm, «"* ilM>iwiy eftecl on 

IK ,ed m msec, cells, show ^ U to* •■> 

paM ». The re* P COTSIt «, F^***^ 

, f^win^"" 1 ^ .^uisttsedintbeconsiran- 
' £V rrUsmucbsuon.erwbenibe^nO.U! 

inhibitory ««« ls " M u 

, ofU includingL2CandL2R,analogsofU U>U , Uand 

fragn^sofU » sf6Bl . L ,andB7-L2) > derivauvesofU(e.g 
SCANS and SCAN6.B1 
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L5 can function as 
hosts. 



" 58 ' >, v of expression systems and 

^onal chancers wUhinavanetyofep 



• ^onsareheremincorporatedbyreference. 
All citations are 

,, n referred embodiments. 



modifications 
described herein 



